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Abstract
PURPOSE: The aim of this study was to investigate the acute effects of circuit training
exercises on stable and unstable surface with and without blood flow restriction (BFR) on
several physiological measures (heart rate, blood pressure, muscle unit activation and rate
of perceived exertion). METHODS: Sixteen recreationally active, males (age= 24.3 ±
1.2); n=8) and females (age= 23.1 ± 0.9); n=8) completed four testing sessions, no blood
flow restriction (NBFR) on a stable surface, NBFR on an unstable surface, BFR on a
stable surface, and BFR on an unstable surface. Participants performed lower body
exercises in a circuit like routine, which consisted of 6 exercises for 2 rounds.
Electromyography (EMG) electrodes were placed at one-third the distance over the
longitudinal axis of the vastus lateralis (VL) and half the distance between the greater
trochanter and lateral femoral epicondyle over the rectus femoris (RF). For the BFR
sessions, BFR cuffs were placed on the upper most portion of the thigh, with an initial
restrictive pressure (IRP) of 50 mmHg and a total restrictive pressure (TRP) depended on
their leg circumference. RESULTS: Generally, a significant (p < 0.05) leg main effect
for both EMG RMS and MDF values for RF muscle were found and significant (p<0.05)
surface and time (p<0.05) main effects were found for both EMG RMS and MDF values
for VL muscle. Repeated measures ANOVA revealed significant differences for surface
(p < 0.05) and time (p < 0.05) for heart rate and systolic blood pressure. Repeated
measures ANOVA revealed significant increases in rate of perceived exertion values for
the BFR session (p < 0.01). CONCLUSION: No significant changes in several
physiological responses were observed in the present study. However, since the values
for several independent variables were generally higher compared to the other conditions,
v

proper adjustments to the study procedure during circuit and BFR training may provide
benefits for cardiorespiratory system, skeletal muscle strength and size. Instability
training adds a greater emphasis on trunk muscle activation; therefore, this form of
training may also provide a new alternative way of resistance training with a greater
emphasis on trunk activation and balance.
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CHAPTER I
INTRODUCTION
Skeletal muscle has the capacity to adjust to mechanical stress, however the
response can vary between different modes of exercise (Kay, St Clair Gibson, Mitchell,
Lambert, & Noakes, 2000) and the physiological response to exercise may change when
basic training principles such as intensity, frequency, and volume are altered (Karabulut
M. , Abe, Sato, & Bemben, 2007). An increase of muscle size and strength is caused
when training at intensity between 67 and 85% of 1 repetition max (RM) (Baechle &
Earle, 2000) with a fairly large volume of repetitions and sets and short rest periods
between sets (~1min) (Ishii, Madarame, Odagiri, Naganuma, & Shinoda, 2005). In
contrast, exercises with intensities of <65% of 1RM generally stimulates improvements
of muscular endurance with no significant increases in muscular size and strength.
The previously mentioned principle seems to be partially relevant for circuit
weight training, in which the goal is to gain both muscular strength and endurance
concurrently. A type of resistance training with a sequence of exercises performed with
short to no rest periods between sets was developed as circuit weight training. Circuit
training has been shown to cause strength gains with an intensity of 40-60% of 1RM
(Gettman, Ayres, Pollock, & Jackson, 1978; Gettman, Ward, & Hagan, 1982; Wilmore,
Parr, & Girandola1978). A study that parallels with this statement was conducted by
Takarada et al. (2002), subjects showed an increase in muscular size and strength when
performed with a short interest rest period of 30 seconds and an exercise intensity of
~50% of 1RM.

Another type of training used concurrently with resistance training is instability
training. Resistance training using balls or unstable platforms has recently had an
increase of popularity (Behm & Anderson, 2006). It has been reported that physical
therapist use balls for therapy as well as sports training (Behm & Anderson, 2006). In
another study, Verhagen et al. (2005) reported a successful use of balance training to
decrease the rate of ankle sprain in a group of volleyball players. An efficient means of
improving balance and strength may be found with the combination of resistance and
instability training (Behm & Anderson, 2006).
Research on resistance training has been increasingly used with BFR. Recent
studies have shown that resistance exercise with an intensity as low as 20-50% of 1 RM
can efficiently cause increase in muscular hypertrophy and strength (Karabulut, Abe,
Sato, & Bemben, 2010) when combined with moderate restriction of blood flow (Ishii,
Madarame, Odagiri, Naganuma, & Shinoda, 2005; Takano, et al., 2005; Takarada, et al.,
2000). This type of resistance exercise with vascular restriction, termed KAATSU
training, generally has been shown to suggest an increase in muscle fiber recruitment and
enhanced endocrine responses both of which are related to the hypertrophic effect on
muscle. Vascular restriction stimulates exercise induced responses such as greater muscle
activation (James & Karabulut, 2013). James et al. (2013) found that BFR training lead to
a slower increase in electromyography (EMG) regularity compared to the non BFR
training. It was known that the neuromuscular system adapts to both chronic and acute
physical stress (Karabulut & Perez, 2013). However, no research has been conducted
with all previously mentioned variables of resistance training.
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The present study will focus on the acute effects of circuit training exercises with
and without BFR on heart rate, blood pressure, rate of perceived exertion and muscle unit
activation on stable and unstable surfaces. This study may also indicate that the
combination of BFR training with different modes of training programs, in this case a
BOSU ball and circuit-type training, may also be used to increase motor unit activation
and the level of neuromuscular adaptation. Completing this study may also help research
if this is a better technique or a possible alternative fitness exercise.
Study Purpose
The purposes of the study are: 1) to examine the acute effects of circuit training
exercises with and without BFR on heart rate, blood pressure, and rate of perceived
exertion; 2) To examine the changes in motor unit activation and motor unit action
potential firing frequency in response to exercises performed on stable and unstable
surface with and without BFR; 3) to investigate the differences between genders on the
previously stated measures.
Research Questions
1. Which measure, without BFR or with BFR on stable or unstable surface, will
cause a significant difference in heart rate, blood pressure, and rate of perceived
exertion?
2. Will the unstable surface have significant differences on changes in motor unit
activation and motor unit action potential firing frequency in response to exercises
performed on stable and unstable surface with and without BFR?
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3. Will the male participants results be significantly different compared to the
female participants?
Hypotheses
1. Hypothesis to be tested is BFR training on unstable surface will cause
significantly higher heart rate and blood pressure as well as a greater rate of
perceived exertion compared to other conditions.
2. Hypothesis to be tested is with an increase in instability, muscle activation will
increase. Instability with BFR on an unstable surface condition will have a greater
muscle activation increase compared to the other conditions.
3. Male participants will be significantly different compared to female participants.
Significance of the Study
A training method, which restricts muscular blood flow during training, has tested
many of the already accepted principles of exercise training and has demonstrated that
this method may be an efficient technique as well as effective alternative training to
improve the quality of life. BFR changes in both normal population and the elderly have
been shown to be efficient in causing training-related positive physiological changes such
as cardiovascular fitness, skeletal muscle strength, and skeletal muscle size. It has been
well documented that BFR training modality can improve aerobic capacity, skeletal
muscle strength, and skeletal muscle size by using lower load and decreased exercise
time requirement per session (15-20min) compared to high intensity traditional training
modalities. Therefore the aim of the proposed study is to determine if the unstable surface
will affect any measures (heart rate, blood pressure, and rate of perceived exertion) with
4

BFR during a circuit training regimen. Research has been conducted on BFR, circuit
training, and performing exercises on stable surfaces compared to unstable surfaces. Yet,
insufficient research has been conducted on all three factors used at once. This study can
also assist in questions regarding the understanding of this possible new fitness
technique. Exercise intensity needed to potentiate physiological improvements in skeletal
muscle strength and size has greatly reduced due to BFR training (Sakamaki, Fujita, Sato,
Bemben, & Abe, 2008; Takano et al., 2005; Takarada, Takazawa, Sato, Takebayashi,
Yasuhiro, & Ishii, 2000).
Although recent studies have stated that BFR training has significant benefits in
skeletal muscle size and strength, little is known about the acute effects of circuit training
exercises with and without BFR on different surfaces (unstable and stable) on heart rate,
blood pressure, rate of perceived exertion and muscle unit activation. Therefore, there is a
need for further research to investigate whether the surface stability affects different
measures when performing circuit training exercises. The data from this proposed
research will provide detailed information on the effectiveness of this novel technique
and allow researchers to design training studies to incorporate the unstable surface in a
variety of BFR exercises.
Delimitations
1. Only students who are recreational active participated in the study.
2. Only participants between the ages of 18-40 participated in the study.
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3. The exclusion of individuals with disabilities or diseases preventing them from
being strength tested and trained, including hypertension and cardiovascular
diseases.
4. The exclusion of individuals with chronic back or joint problems.
5. The exclusion of individuals outside of the 18-40 year age range.
Limitations
1. It was not a random sample and all participants were volunteers; therefore, they
may not be representative of the actual population.
2. Although participants provided medical clearance, medical information and health
history were obtained through self-report.
3. Although participants were asked not to change their normal daily activities, daily
activities performed outside of the training program are not controlled.
Assumptions
1. All individuals performed all exercises to the best of their ability.
2. All individuals performed all exercises with correct form.
3. Accurate information was provided by each participant regarding medical and
health history.
4. The equipment used was reliable and provided accurate information for all testing
sessions.
Operational Definitions
The following definitions were used in this study and are presented here for clarification:
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Blood Flow Restriction (BFR): BFR is a technique that restricts muscular blood flow
during low-intensity exercise training. This process involves cuffs placed carefully to
reduce blood flow to the designated limb. Specially designed elastic belts (50 mm wide)
that are filled with air to create pressure are used to restrict blood flow to the lower
extremities.
BOSU ball: Can be described as half ball with a flat surface on one side and a
hemisphere surface on the other. “BOth Sides Utilized (Up),” meaning that this piece of
equipment may be used on either side, flat side up or dome side up.
Diastolic Blood Pressure (DBP): Arteriole pressure between heart beats.
Electromyography (EMG): Recording electrical activity of the muscle tissue using
electrodes attached to the skin.
Exercise: Repetitive bodily movement on varying levels exertion that is performed to
develop, maintain or improve one or more components of physical fitness.
Hemodynamic: Is the study of blood circulation and blood flow.
Initial Restrictive Pressures: The tightness of cuff before inflated with air.
Physical Activity Readiness Questionnaire (PAR-Q): PAR-Q is designed to identify
the small number of adults for whom physical activity might be inappropriate or those
who should have medical advice concerning the type of activity most suitable for them.
Ratings of Perceived Effort (Borg’s Scale): The subjective assessment of exercise
based on how the participant feels.
Systolic Blood Pressure (SBP): Arteriole pressure when the heart beats.
Total Restrictive Pressure (TRP): The tightness of cuff after inflated with air.
7

Unstable surface: Is operationally defined as “BOSU ball”.
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CHAPTER II
REVIEW OF LITERATURE
Blood Flow Restriction (BFR Training)
BFR training, also known as KAATSU training, has been shown to allow the
elderly, athletes and obese population exercise at a lower intensity and still obtain high
intensity results while exercising. Over the past 10 years, clinical research has
demonstrated that BFR training not only improves muscle strength and mass in healthy
subjects but also benefits patients with cardiovascular and orthopedic conditions (Sato,
2005). In Japan, this training is valued as “high technological invention utilizing the laws
of nature,” (Sato, 2005).
BFR training is a method that restricts the blood flow using relatively light and
flexible cuffs placed on the proximal part of one’s lower or upper limbs while an
individual is performing exercise at a low intensity. The cuffs provide the proper amount
of pressure needed for each exercise. This type of training continues to grow as
researchers continue to study the effects of BFR training has on multiple physiological
systems. Research initiated by focusing on the effects of acute low intensity BFR exercise
on blood growth hormone and the chronic effect on muscle hypertrophy and strength
gains in addition to the effects of BFR training on muscle size and strength in athletes
(Takarada, Takazawa, Sato, Takebayashi, Yasuhiro, & Ishii, 2000). The results were
published in significant research journals which continue to draw vast attention from the
public.

Responses to Aerobic Training with BFR
Sakamaki et al. (2008) has reported a slight but not a significant increase in heart
rate (HR) in response to BFR walk training. The study examined blood pressure and heart
rate response to walking with and without BFR in 2 men and 5 women aged between 64
to 78 years. All participants performed a 20 minute walking test at 4 km/hr without
(Control) and with BFR cuff pressures 160 mmHg and 200 mmHg on separate days. No
significant differences in blood pressure responses to the walk exercise between the
Control and BFR -160mmHg exercise were observed, yet significantly higher blood
pressures were observed for the BFR-200 mmHg exercise (112-127 mmHg for mean
arterial blood pressure) compared to the Control. Heart rate responses were higher in both
BFR pressures compared to the control group, but were not significantly different. HR
and mean arterial blood pressure (MAP) were significantly correlated between each
pressure with a higher MAP response to the same HR at the 200 mmHg pressure.
Significant increases in MAP are dependent on total restrictive pressure (TRP). Due to
the greater increase of peripheral resistance in the lower extremities at a TRP of 200
mmHg by the application of the cuff may be a factor of a significant increase (p < 0.01)
in MAP since significant increases were reported at a TRP of 160 mmHg in the last four
minutes of exercise. These findings are parallel with the thought that occlusive pressure
alone can significantly alter the cardiovascular responses during low-intensity KAATSUwalk. Significantly greater oxygen uptake and HR were recorded during slow treadmill
walking with BFR than during walking without BFR (Abe, et al., 2010). The innovation
of BFR appears to be the unique combination of venous blood volume pooling and
restricted arterial blood inflow. With this combination, it can result in a decreased stroke
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volume and increased HR while maintaining cardiac output. However, as a result of
increased HR at the same systolic blood pressure (SBP) during exercise with BFR, a high
mechanical stress on the heart may be produced, as indicated by a greater rate-pressure
product ([HR*SBP]/100) (Abe, et al., 2010). Volume of BFR training is less in
comparison to traditional endurance exercise with similar improvements in VO2 Max.
Aerobic BFR training studies have shown to increase cardio respiratory fitness (CRF)
along with increasing fat free mass (Abe, Keams, & Sato, 2005; Ozaki, et al., 2011).
Ozaki et al. (2011) examined the effects of walk training combined with BFR on muscle
hypertrophy as well as on peak oxygen uptake (VO2peak) in 18 sedentary women (57–73
years). Training program consisted of participants in both the BFR-Walk and CON-Walk
groups performed 20 minutes of treadmill walking at 45% of heart rate reserve for four
days a week for ten weeks. Aerobic capacity was measured via a bicycle graded exercise
test (GXT) using an automated breath-by-breath mass spectrometry system. BFR training
yielded significant improvements (p < 0.01) in VO2 peak and muscular size and strength
in comparison to the control group. BFR walk training demonstrated that both muscle
volume and strength increased in older women. Changes in body mass index were
reported however significant differences were not observed.
Abe et al. (2010) examined the effects of low-intensity cycle exercise training
with and without BFR on muscle size and maximum oxygen uptake (VO2max) in 19
young men (mean age ± SD: 23.0 ± 1.7 years) whom trained for 3 days/wk for 8 wk at an
intensity and duration of 40% VO2max and 15 minutes for the BFR-training group and
40% of VO2max and 45 minutes for the CON-training group. Significant improvements
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were seen in VO2max (p < 0.05), muscle cross sectional area and muscle volume (p <
0.01) and isometric knee extension strength (p < 0.10) between groups. Abe et al. (2010)
suggested that with a low-intensity, short-duration cycling exercise combined with BFR
improves both muscle hypertrophy and aerobic capacity concurrently in young men.
Another study performed by Abe et al. (2005) investigated the acute and chronic
effects of walk training using KAATSU on muscle size, strength and blood hormonal
parameters. Eighteen men were split between the control group with NBFR and the
KAATSU walking group with BFR. The training was performed two times a day for 6
days out of the week for 3 weeks. Subjects performed 5 sets of 2 minute bouts with a 1
minute rest between each bout (treadmill speed was set at 50 m/min). Results obtained
displayed that with the combination of leg muscle BFR and slow walk training will
induce muscle hypertrophy and strength gain, regardless of the low level of exercise
intensity. BFR walk training may be a useful method for promoting muscle hypertrophy,
including a wide range of the population such as delicate and elderly (Abe, Kearns, &
Sato, 2005).
Responses to Resistance Training Exercise with BFR

Takano et al. (2005) examined eleven untrained males (26–45 years) and their
hemodynamic and hormonal responses to a short-term, blood flow restricted lowintensity resistance exercise. The subjects performed bilateral leg extensions at 20% of
1RM for a set of 30 repetitions. After a 20 second rest, participants performed three
additional sets until exhaustion. The total restrictive pressure (TRP) during the training
was set to 160mmHg-180mmHg. Both blood pressure and maximum heart rate were
12

significantly higher in the BFR participants than in the NBFR group. Venous return
decreased causing a reduced both stroke volume and cardiac preload. These results
suggest that short-term low-intensity resistance exercise with KAATSU significantly
stimulates the exercise induced growth hormone, vascular endothelial growth factor, and
insulin-like growth factor responses with the decrease of cardiac preload during exercise.
This may become an alternative and unique method for rehabilitation in patients with
cardiovascular diseases (Takano et al., 2005). Takano et al. (2005) also states that blood
pressure and heart rate significantly increased in BFR resistance training compared to the
control group.
Takarada et al. (2005) studied the effectiveness of relatively low-intensity
resistance exercise training combined with moderate vascular occlusion in elderly
women. Twenty-four healthy postmenopausal women (47-67 years) performed a 16 week
resistance exercise regimen with occlusion. Subjects performed single arm dumbbell curl
exercises in a sitting position. Using the non-dominant arm subjects kept their upper body
upright and the upper arm inclined at about 45 degrees in front of the body. Results
showed that resistance exercise at intensity even lower than 50% 1 RM is effective in
inducing muscular hypertrophy and increase in strength when combined with vascular
occlusion (Takarada, Takazawa, Sato, Takebayashi, Yasuhiro, & Ishii, 2000). However,
Karabulut et al. (2010) examined several studies to compare and research the effects of
different initial restrictive pressures on tissue oxygenation. Initial restrictive pressure
(IRP) can be described as the tightness of the KAATSU cuff before inflation. The data
showed how the IRP of the restrictive cuffs affected the amount of venous return and
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tissue oxygenation. This specified the importance of initial pressure to influence the
amount of blood and metabolite accumulation, which may be a factor responsible for
varying findings from previous BFR training studies.
Teramoto et al. (2006) also investigated the effects of low-intensity exercise on
muscular fitness when performed with BFR. Nineteen college female and male students
completed a 5 week study where they each needed to perform 2 sets of a 5 minute step
exercise using a 12 inch bench, 3 times per week. One leg was restricted during the step
exercise while the other leg was not occluded. Similar to previously mentioned studies,
results for study showed a significantly increase in muscular strength in the BFR leg
compared to the non BFR leg. Muscle endurance and mass were also improved however,
legs were not significantly different. This method has the potential to be a different form
of training to increase muscular strength (Teramoto & Golding, 2006).
Responses to Resistance Circuit Training Exercise with BFR

Ishii et al. (2005) studied the acute effects of moderate venous occlusion on
circuit training with body weight alone. Twenty-two healthy females were randomly
assigned into two groups, the occlusive training group (OCC) and the normal training
group (NOR). In both groups, the same circuit training regimen was performed which
consisted of six different yet consecutive exercises for muscles in both upper and lower
limbs. All exercises were performed in a step by step process with a brief rest period of
10 seconds. Subjects completed this regimen 3 times per week with each session lasting
about 5-10 minutes. The BFR cuffs were placed with a present pressure of 50-80 mmHg
for the upper body and 80-120 mmHg for the lower body respectively. An increase of
14

mean muscle cross sectional area of both left and right limbs was displayed at about 3%
in the BFR group compared to the control group. The results for this study indicated that
with BFR, circuit training with only body weight can cause hypertrophy in lower-limb
muscles (Ishii, Madarame, Odagiri, Naganuma, & Shinoda, 2005).
Circuit Training
Circuit weight training is described as an exercise method thought to stimulate
systems that promote both cardiovascular and strength benefits (Romero-Arenas,
Martinez-Pascual, & Alcaraz, 2013). Researchers have shown that circuit based
resistance training is effective in increasing maximum oxygen consumption, maximum
pulmonary ventilation, functional capacity and strength while improving body
composition (Romero-Arenas, Martinez-Pascual, & Alcaraz, 2013). When prescribing a
circuit training protocol, several guidelines should be followed such as: performing 6 to
10 exercises for 1 to 3 sets for a minimum of twice per week (Romero-Arenas, MartinezPascual, & Alcaraz, 2013).
Instability Training
A fundamental component of almost every physical movement involves
maintaining balance. Balance is a natural skill that involves coordination of muscles, but
it can also be learned. The body is able to stabilize in a specific position with balance
which also has both sensory and anatomic components. Proprioception is referred to as
the awareness of the body movement and orientation to the positioning of the body in
space (Ruiz & Richardson, 2005). The brain receives continuous information regarding
the body symmetry which is possible through the coordination of synergism. In order to
15

maintain balance, the body uses several somatic sensory receptors such as the muscle
spindle fibers, Golgi tendon organs, vision and vestibular system of the inner ear (Powers
& Howley, 2009). A person’s orientation in space can also be processed in the cerebral
cortex which is synthesized using visual cues somatic sensory awareness of joints and
vestibular input. In instability training, proprioception in limbs and body is enhanced due
to the stress placed on the vestibular and vision receptors which will cause an increase in
balance. Injuring of the ankle, knee and lower back can be reduced by training these
systems to work efficiently (Ruiz & Richardson, 2005).
Heikamp et al. (2001) studied the ability to quantify the possible gain in strength
by balance training in comparison to strength training. Thirty subjects participated in the
study where half were randomly assigned to the strength training program group and the
other 15 were assigned to the balance training program group. Both groups trained 2-3
times/week for 4-6 weeks until 12 training units were completed. The results indicate
balance training to be effective for gain in muscular strength and secondly in contrast to
strength training, equalization of muscular imbalances may be achieved after balance
training (Heikamp, Horstmann, Mayer, Weller, & Dickhuth, 2001).
The application of balance training with resistance training has been successful in
reducing the incidents of ankle sprains in a group of volleyball players (Behm &
Anderson, 2006). The balance and controlling of free weights force the individual to
stress as well as coordinate more stabilizing, synergist and antagonist muscle groups.
However, a study suggests that “the optimal method to promote increases in balance,
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proprioception and core stability for any given sport is to practice the skill itself on the
same surface on which the skill is performed in competition,” (Behm & Anderson, 2006).
Conclusion
Previous studies have reported improvements in aerobic capacity and body
composition to be influenced by traditional endurance training five days or more a week
for 30-60 minutes at 40%-60% VO2. Resistance training at 65%-85% of one repetition
maximum elicits a strength and hypertrophic response. The main focus of BFR training
centers on the concept of inducing a hypertrophic and strength response with a decrease
in exercise volume. With the proper total restrictive pressure, BFR influences blood
pressure and heart rate response similar to traditional exercise which may allow
individuals with health concerns such as obesity and cardio vascular disease (CVD) to
safely participate in an exercise regimen. This new method may provide a new fitness
training modality since previous traditional endurance exercises are known to improve
skeletal musculature along with cardio respiratory fitness (CRF). Likewise, CRF can be
significantly improved with aerobic BFR training at a lesser exercise volume. Low
intensity BFR walk training studies have reported improvements in aerobic capacity,
strength and muscle size concurrently in older adults and the healthy population (Abe, et
al., 2010; Abe, Keams, & Sato, 2005; Ozaki, et al., 2011; Sakamaki, Fujita, Sato,
Bemben, & Albe, 2008). Circuit training and instability training provide alternative
modes of exercise and have both shown improvements in muscular strength (Ishii,
Madarame, Odagiri, Naganuma & Shinoda, 2005; Behm & Anderson, 2006). The acute
effect of circuit-like BFR training on an unstable surface has not yet been investigated
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and this investigation may be useful to provide details on BFR training as an alternate
mode of exercise.
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CHAPTER III
METHODS
Subjects
Eight healthy women and eight healthy men between the ages of 18 and 40 were
recruited for this study. Subjects were classified as recreationally active or athletic. This
study was a within subject design. All subjects attended all five sessions for this study
which were the familiarization session, the NBFRS, NBFRU, BFRS and BFRU. All
subjects were fully informed about the purpose of the study and the possible risks
involved, and gave their written informed consent. The study procedure that was
approved by the University of Texas-Brownsville Institutional Review Board for Human
Subjects was followed.
Inclusion Criteria
1. Subjects who were considered recreationally active as defined by performing
physical activity 3 to 5 times a week on a consistent basis.
2. Subjects who were within 18-40 years of age.
3. Subjects who had no chronic back or joint problems.
Exclusion Criteria
1. Subjects who were not considered recreationally active as defined by performing
physical activity 3 to 5 times a week on a consistent basis..
2. Subjects that were taking medication known to affect blood pressure.
3. Subjects that were taking medication known to affect heart rate.

Recruitment
Male and female subjects were recruited through word of mouth, social media, emails and flyers posted throughout the University of Texas Brownsville campus with
detailed information about the study. Subjects were contacted via email, text to phone
number or on Facebook (social media page) group named “Thesis Participants”. All
participants were added to the private Facebook group for quicker communication.
Participants were given a schedule to meet at a certain time each day at the University of
Texas-Brownsville Exercise Science Biomedical Lab.
Experimental Protocol
All subjects performed a randomized circuit-training regimen consisting of six
successive exercises for major muscle groups in the lower limbs and the trunk. The
exercises that were performed are the following: knee up right leg, knee up left leg, super
skater right leg, super skater left leg, body squat, and alternating side lunge. All exercises
were performed in a step-by-step fashion essentially without a rest period, though a brief
interval of ~ 15 seconds was typically required to prepare for the next exercise. The
frequency of exercise was 3 sessions per week with a 48 hour separation between all the
conditions, respectively. The repetitions in each exercise and the round number stayed the
same as the training proceeds. In the first condition, the subjects performed the entire
session of exercise lasting typically for 15 minutes (2 rounds) with no BFR on a stable
surface. In the second condition, the subjects performed the entire session of exercise
with no BFR on an unstable surface. In the third condition, the subjects performed the
entire session of exercise with BFR on a stable surface. In the fourth condition, the
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subjects performed the entire session of exercise with BFR on an unstable surface. The
proximal ends of the lower limbs of the both legs were moderately compressed to restrict
the venous blood flow by means of elastic belts attached to the shorts or pants.
Conditions were randomized as well as the order of the circuit like training exercises for
each subject.
Electromyography (EMG) Recordings
Surface EMG electrodes were placed along the longitudinal axis of the VL and
RF of the right and left thigh. Subjects were asked to sit down on the floor or bench with
one leg fully extended the other bended at the knee and leaning back on their hands. Two
large towels are rolled up and placed one above the other underneath the knee of the fully
extended leg. Slight pressure was applied on subjects shin while the subject was asked to
kick upward towards the pressure. This exposed the two leg muscles, VL and the RF
which were needed to obtain the proper measurements for the correct electrode placement
on each leg. The electrode placements on the VL were placed to a mark that was made at
33.3% and RF at 50% of the distance from the lateral femoral epicondyle to the greater
trochanter. The ground electrode was placed over the bony part of the patella. The
orientations of both electrodes were placed along the longitudinal axis of femur. The skin
was shaved, lightly abraded, and cleaned with isopropyl alcohol to reduce the electrodeskin impedance. After skin preparation, two DE-2.3 sensors (Delsys Inc., Boston, MA)
were placed over the belly of the VL muscle; with disposable adhesive electrodes. The
electrodes were secured to the skin using adhesive tape (Mueller Sports Medicine, Inc.,
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Prairie du Sac, WI, USA) to minimize artifact movement. Shorts were taped high enough
to not disturb the electrodes that are placed on each leg.
Leg Circumference
Subjects leg circumference was measured beginning at 50% of the distance from
the lateral femoral epicondyle to the greater trochanter. From this measurement, the tape
measure was placed to surround the thigh and the proper measurement was recorded.
BFR KAATSU cuffs were placed in the most proximal portion of the legs around the
inguinal area. The pneumatic bags are along the inner surface of the elastic belts and
connected to an electronic air pressure control system (KAATSU-Master, Sato Sports
Plaza, Tokyo, Japan). After determining the total restrictive pressure (TRP) by leg
circumference each participant was seated and the BFR cuff was set the constant initial
restrictive pressure of 50 mmHg. The cuffs were then inflated to reach the approximate
normal resting systolic blood pressure (120 mmHg) for a healthy adult. The inflated cuff
pressure was relative to the subjects’ thigh circumference. Research proposes that the
thigh circumference is the biggest predictor of arterial occlusion pressure during supine
rest. Loenneke JP et al. (2012) plotted thigh circumference with arterial occlusion to
determine an estimated arterial occlusion pressure for each subject. For the BFR protocol,
an inflation pressure of 60 % of the subjects’ predicted arterial occlusion pressure to
ensure that the inflated cuff pressure would not cause arterial occlusion (<45–50 cm =
120 mmHg; 51–55 cm = 150 mmHg; 56–59 cm = 180 mmHg; and ≥60 cm = 210
mmHg). The initial pressure was held for 30 seconds and released for 10 seconds. Then
the pressure was increased by 20 mmHg while holding for 30 seconds at each pressure
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and releasing for 10 seconds between increments until the target restrictive pressure
(between 120 and 210 mmHg) was reached. The BFR cuffs target pressure was
maintained throughout the testing session. The total time that the cuffs stayed inflated
was between 10-20 minutes.
Borg’s Rating of Perceived Exertion Scale (RPE)
RPE was used to subjectively measure an individual’s physical activity intensity
level fatigue using Borg’s 0 to 10 scale. RPE was recorded after each exercise throughout
testing session for 15 minutes for a total of 12 recordings. Perceived exertion ratings
between 3 and 6 are indicators of moderate intensity.
Cardiovascular Measures
Heart rate was monitored during testing session after each exercise for a total of
12 recordings with a Polar Heart Rate monitor E600 Series. Systolic blood pressure
(SBP) and diastolic blood pressure (DBP) was recorded using the blood pressure (BP)
machine. BP was recorded from the upper left arm post testing session (immediately, 3,
4, 6, 8 minutes after session) for a total of 5 recordings using an automatic blood pressure
reader.
Signal processing
The EMGworks 3.7 analysis software (2009, Delsys Inc., Boston, MA, USA) was
used to analyze neuromuscular function. EMG signals were amplified and recorded by a
BagnoliTM 8-channel system (Delsys Inc., Boston, MA). The average RMS and MDF
for VL and RF were computed for each 5 contractions (4 measures for squat exercise, 2
measures for the rest of the exercises).
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Statistical analysis
The Microsoft Excel program (2003, Microsoft Corporation, Seattle, WA, USA)
was used to compile the main results database. Statistical analyses were computed using
SPSS 17.0 for Windows (SPSS Inc., Chicago, IL). Data was expressed as means ± SE.
For all statistical analyses, significance was accepted at p < 0.05.
Data was expressed as means ± SE. Repeated measures ANOVAs was used to test
mean differences in the variables tested (surface (stable vs. unstable)*blood flow
(restricted vs. non-restricted*leg (right or left)*time (4 for all other exercises or 8 for
squat) * time). Bonferroni post-hoc comparisons were used to assess the difference
between means when a significant difference was detected. The level of statistical
significance was set at p < 0.05.
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CHAPTER IV
RESULTS
The purposes of the study was threefold: 1) to examine the acute effects of circuit
training exercises with and without BFR on heart rate, blood pressure, and rate of
perceived exertion; 2) To examine the changes in motor unit activation and motor unit
action potential firing frequency in response to exercises performed on stable and
unstable surface with and without BFR; 3) to investigate the differences between genders
on the previously stated measures.
Subject Characteristics
Sixteen young, recreationally active male (age= 21.9 ± 0.8), n=8) and female
(age= 23.1 ± 0.9), n=8) subjects participated in this study. Significant differences Table 1
shows participants descriptive measures. Recreationally active is defined by performing
physical activity 3 to 5 times a week on a consistent basis prior to recruitment.
Participants were recruited from the University of Texas-Brownsville community.

Table 1. Descriptive Measures.
Variables

Male (n=8) Female (n=8) Combined (n=16)

Age (yr)

21.9 (0.8)

23.1 (0.9)

22.5 (0.6)

Height (cm)

172.9 (1.3)

161.9 (1.7)

167.4 (1.8)

Weight (kg)

83.5 (4.8)

65.5 (3.0)

74.5 (3.6)

Resting HR (beats/min) 73.9 (3.3)

71.6 (3.1)

72.8 (2.2)

Resting SBP (mmHg)

126.3 (3.8)

102.8 (4.1)

114.5 (4.1)

Resting DBP (mmHg)

70.8 (2.2)

60.4 (3.0)

65.6 (2.2)

HR (Heart Rate); SBP (Systolic Blood Pressure); DBP (Diastolic Blood Pressure)
Values reported as mean ± SE. N = 16.

Cardiovascular Response
Subject participation varied in the immediate post exercise blood pressure values
due to a quick adjustment made during the testing sessions. All other categories had the
complete sixteen recreationally active subjects. Subject participation is displayed in Table
2.
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Table 2. Total Blood Pressure Measures.
NBFRS NBFRU BFRS

BFRU

Immediately

N=13

N=9

N=14

N=15

3 minutes

N=16

N=16

N=16

N=16

4 minutes

N=16

N=16

N=16

N=16

6 minutes

N=16

N=16

N=16

N=16

8 minutes

N=16

N=16

N=16

N=16

No blood flow restriction on a stable surface (NBFRS); No blood flow restriction on an
unstable surface (NBFRU); Blood flow restrictions on a stable surface (BFRS); Blood
flow restrictions on an unstable surface (BFRU).
Figure 1 shows a time course response of the total average heart rate (HR) at the
end of each exercise for all four testing sessions, NBFRS, NBFRU, BFRS, and BFRU.
Repeated measures ANOVA found a significant increase in HR (p < 0.05) throughout
testing session for all conditions. A greater HR response was observed in the BFR
unstable (BFRU) surface. There was a significant three-way interaction between
surface*leg*gender (p=0.021), surface*leg*time (p=0.018), blood flow*time*gender
(p=0.016) and blood flow*leg*time (p=0.016). There was a significant two-way
interaction between leg*time (p=0.015).
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Figure 1. Total average of heart rate (HR) response.

Heart Rate (beats per minute)

Total Heart Rate Average (after each exercise)
150.0
140.0
130.0
120.0

a

110.0
100.0
90.0

NBFRS

80.0

NBFRU

70.0

BFRS
BFRU

Exercise per Round (set)

a

represents time difference within all conditions (p<0.05). Values reported as mean ± SE.
N=16.
Figures 2A illustrates systolic blood pressure (SBP) responses and figure 2B
illustrates diastolic blood pressure (DBP) to different conditions (NBFRS, NBFRU,
BFRS, BFRU) after the circuit-like training. Two significant main effects for surface
(p=0.025) and time (p<0.01) were found for SBP. A significant gender main effect was
found in DBP (p=0.018).
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Figure 2. Total average of blood pressure (BP) response.

A)

Systolic Blood Pressure (mmHg)

130.0

Total Average Post Systolic Blood Pressure

125.0

120.0

NBFRS
NBFRU
BFRS
BFRU

b

115.0

110.0
a

105.0

100.0
Immediately

3

4
6
Post Exercise Time (minutes)

Total Average Post Diastolic Blood Pressure

90.0

NBFRS
NBFRU
BFRS
BFRU

B)

Diastolic Blood Pressure (mmHg)

8

80.0

70.0
c

60.0

50.0

40.0

30.0
Immediately

3

4
6
Post Exercise Time (minutes)

a

8

represents time difference within all conditions (p<0.05); b represents surface difference
within all conditions (p<0.05); c represents gender difference within all conditions
(p<0.05); Values reported as mean ± SE.
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Subjective Performance
Repeated measures ANOVA detected a time (p < 0.05) main effect in RPE (Fig.
3). Several significant three-way interaction were detected, surface*leg*gender (p
=0.021), surface*leg*time (p=0.018), blood flow*time*gender (p=0.016), and blood
flow*leg*time (p=0.031). A significant two-way interaction in leg*time was detected
(p=0.015). RPE progressively increased during exercise with no significant difference
between conditions.
Figure 3. Total average of rate of perceived exertion (RPE) response.

Average RPE (after each exercise)

NBFRU

6.0
Rate of Perceived Extertion (RPE)

NBFRS

BFRS

5.0

BFRU

4.0
3.0

a

2.0
1.0
0.0

Exercise per Round (set)
a

represents time difference within all conditions (p<0.05). Values reported as mean ± SE.
N=16.
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Muscle Function
Electromyographic (EMG) recordings of the vastus lateralis (VL) and rectus
femoris (RF) were collected from both right and left leg on sixteen young, recreationally
active male (age= 21.9 ± 0.8, n=8) and female (age= 23.1± 0.9, n=8) subjects from the
same group shown in Table 1. Figure 4 displays the average EMG RMS values for VL
muscle during squat exercise for both rounds (sets) per each 5 repetitions across the
dynamic exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for
(A) right leg and (B) left leg. A time (p=0.014) main effect for EMG RMS was detected
by repeated measures ANOVA. There was a significant three-way interaction between
surface*leg*gender (p=0.021), surface*leg*time (p=0.018), blood flow*time*gender
(p=0.016), blood flow*leg*time (p=0.031) and there was a significant two-way
interaction for leg*time (p= 0.015) (Figure 4).
Figure 4. Average vastus lateralis EMG RMS during squat exercise.

Root Mean Square (µV)

Total Average EMG RMS for Squat Exercise
(vastus lateralis)
0.000060
0.000055
0.000050
0.000045
0.000040
0.000035
0.000030
0.000025
0.000020

A)

B)

a
a

NBFRS
NBFRU
BFRS
BFRU

Exercise Repetition (each leg/per set)
a

represents time difference within all conditions (p<0.05). Values reported as mean ± SE.
N=16.
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Figure 5 displays the average EMG RMS values for VL muscle during alternating
side lunge exercise for both rounds (sets) per each 5 repetitions across the dynamic
exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right
leg and (B) left leg. A time (p=0.006) main effect for EMG RMS was detected by
repeated measures ANOVA. There was a significant three-way interaction between
surface*leg*gender (p=0.008), surface*time*gender (p=0.015), and blood
flow*time*gender (p=0.040). There was a significant two-way interaction for surface*leg
(p= 0.026) and surface*time (p<0.01) (Figure 5).

Figure 5. Average vastus lateralis EMG RMS during alternating side lunge exercise.
Total Average EMG RMS for Alternating Side Lunge Exercise
(vastus lateralis)
Root Mean Square (µV)

A)

0.0000600
0.0000550
0.0000500
0.0000450
0.0000400
0.0000350
0.0000300
0.0000250
0.0000200

B)

a

a

NBFRS
NBFRU
BFRS
BFRU

Exercise Repetition (each leg/per set)
a

represents time difference within all conditions (p<0.05). Values reported as mean ± SE.
N=16.
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Figure 6 displays the average EMG RMS values for VL muscle during super
skater exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.030) and time (p<0.01) main effects for EMG RMS were
detected by repeated measures ANOVA. There was a significant three-way interaction
between surface*blood flow*time (p=0.040). No significant two-way interaction was
found (Figure 6).

Figure 6. Average vastus lateralis EMG RMS during super skater exercise.
Total Average EMG RMS for Super Skater Exercise
(vastus lateralis)
Root Mean Square (µV)

A)

0.0000900
0.0000800
0.0000700
0.0000600
0.0000500
0.0000400
0.0000300
0.0000200

a

B)

b

a
b

NBFRS
NBFRU
BFRS
BFRU

Exercise Repetition (each leg/per set)
a

represents time difference within all conditions (p<0.05); b represents surface difference
within all conditions (p<0.05). Values reported as mean ± SE. N=16.
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Figure 7 displays the average EMG RMS values for VL muscle during knee up
exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.018) and time (p<0.01) main effects for EMG RMS were
detected by repeated measures ANOVA. There was a significant three-way interaction
between blood flow*time*gender (p=0.002). One significant two-way interaction was
found between surface*time (p=0.001) (Figure 7).

Figure 7. Average vastus lateralis EMG RMS during knee up exercise.

Root Mean Square (µV)

Total Average EMG RMS for Knee Up Exercise
(vastus lateralis)
A)

0.0000900

B)

0.0000800
0.0000700

a

b
b

0.0000600

a

0.0000500

NBFRS

0.0000400

NBFRU

0.0000300

BFRS

0.0000200

BFRU

Exercise Repetition (each leg/per set)
a

represents time difference (p<0.05); b represents surface difference within all conditions
(p<0.05). Values reported as mean ± SE. N=16.
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Figure 8 displays the average EMG RMS values for RF muscle during squat
exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.048), leg (p<0.002) and time (p=0.001) main effect for EMG
RMS was detected by repeated measures ANOVA. There was a significant three-way
interaction between blood flow*leg*time (p=0.036). One significant two-way interaction
was found between blood flow*time (p<0.01) (Figure 8).

Figure 8. Average rectus femoris EMG RMS during squat exercise.

Root Mean Square (µV)

Total Average EMG RMS for Squat Exercise
(rectus femoris)
0.000030

A)

e

B)

e

0.000025
0.000020

b

0.000015
0.000010

a

NBFRS
a

NBFRU

0.000005

BFRS

0.000000

BFRU

Exercise Repetition (each leg/per set)
a

represents time difference (p<0.05); b represents surface difference within all conditions
(p<0.05); e represents leg differences within all conditions (p=0.001). Values reported as
mean ± SE. N=16.
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Figure 9 displays the average EMG RMS values for RF muscle during alternating
side lunge exercise for both rounds (sets) per each 5 repetitions across the dynamic
exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right
leg and (B) left leg. A blood flow (p=0.018), leg (p=0.021) and time (p=0.007) main
effect for EMG RMS was detected by repeated measures ANOVA. No significant threeway interaction was observed. One significant two-way interaction was observed
between leg*gender (p=0.038) (Figure 9).

Figure 9. Average rectus femoris EMG RMS during alternating side lunge exercise.

Root Mean Square (µV)

Total Average EMG RMS for Alternating Side Lunge Exercise
(rectus femoris)
0.0000400
0.0000350
0.0000300
0.0000250
0.0000200
0.0000150
0.0000100

A)

B)

NBFRS
NBFRU
BFRS

d
e

d
e

BFRU

Exercise Repetition (each leg/per set)
d

represents blood flow restriction difference (p<0.05); e significant leg difference within
all conditions (p<0.05). Values reported as mean ± SE. N=16.
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Figure 10 displays the average EMG RMS values for RF muscle during super
skater exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. Three significant three-way interactions were found between
surface*time*gender (p=0.05), surface*blood flow*time (p=0.014), and blood
flow*leg*time (p=0.031). One significant two-way interaction was found between blood
flow*time (p=0.032) (Figure 10).

Figure 10. Average rectus femoris EMG RMS during super skater exercise.

Root Mean Square (µV)

Total Average EMG RMS for Super Skater Exercise
(rectus femoris)
0.0000400
0.0000350
0.0000300
0.0000250
0.0000200
0.0000150
0.0000100

A)

B)

NBFRS
NBFRU
BFRS
BFRU

Exercise Repetition (each leg/per set)

Significant differences were shown in surface*time*gender (p=0.05), blood flow*time
(p=0.032), surface*blood flow*time (p=0.014), blood flow*leg*time (p=0.031). Values
reported as mean ± SE. N=16.
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Figure 11 displays the average EMG RMS values for RF muscle during knee up
exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A leg (p=0.001) and time (p=0.002) main effect for EMG RMS was detected
by repeated measures ANOVA. No significant three-way interaction was shown. One
significant two-way interaction was shown between surface*time (p=0.023) (Figure 11).

Figure 11. Average rectus femoris EMG RMS during knee up exercise.

Root Mean Square (µV)

Total Average EMG RMS for Knee Up Exercise
(rectus femoris)
0.0000450
0.0000400
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0.0000200
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a
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e

e
a
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NBFRU
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Exercise Repetition (each leg/per set)
a

represents time difference (p<0.05); e represents leg difference within all conditions
(p<0.05). Values reported as mean ± SE. N=16.
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Figure 12 displays the average EMG median frequency (MDF) values for VL
muscle during squat exercise for both rounds (sets) per each 5 repetitions across the
dynamic exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for
(A) right leg and (B) left leg. A surface (p=0.029) and time (p<0.01) main effect for
EMG MDF was detected by repeated measures ANOVA. One significant three-way
interaction was shown between surface*leg*time (p=0.001). One significant two-way
interaction was observed between surface*time (p=0.009) (Figure 12).

Figure 12. Average vastus lateralis EMG MDF during squat exercise.
Total Average EMG MDF for Squat Exercise
(vastus lateralis)
Median Frequency (Hz)

80.00

A)

B)

70.00
b
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a
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40.00

NBFRS

a

NBFRU

30.00

BFRS

20.00

BFRU

Exercise Repetition (each leg/per set)
a

represents time difference (p<0.05); b represents surface difference within all conditions
(p<0.05). Values reported as mean ± SE. N=16.
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Figure 13 displays the average EMG MDF values for VL muscle during
alternating side lunge exercise for both rounds (sets) per each 5 repetitions across the
dynamic exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for
(A) right leg and (B) left leg. A surface (p<0.01) main effect for EMG MDF was detected
by repeated measures ANOVA. One significant three-way interaction was found between
blood flow*leg*time (p=0.032). One significant two-way interaction was found between
surface*time (p<0.01) (Figure 13).

Figure 13. Average vastus lateralis EMG MDF during alternating side lunge
exercise.

Median Frequency (Hz)

Total Average EMG MDF for Alternating Side Lunge Exercise
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b
b
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Exercise Repetition (each leg/per set)
b

represents surface difference (p<0.05). Values reported as mean ± SE. N=16.
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Figure 14 displays the average EMG MDF values for VL muscle during super
skater exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p<0.01) main effect for EMG MDF was detected by repeated
measures ANOVA. One significant four-way interaction was shown between
surface*blood flow*leg*time (p=0.040). No significant three-way interaction was shown.
One significant two-way interaction was shown between blood flow*time (p=0.012)
(Figure 14).

Figure 14. Average vastus lateralis EMG MDF during super skater exercise.
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Total Average EMG MDFfor Super Skater Exercise
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Exercise Repetition (each leg/per set)
b

represents surface difference (p<0.05). Values reported as mean ± SE. N=16.
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Figure 15 displays the average EMG MDF values for VL muscle during super
skater exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.003), blood flow (p=0.036) and time (p=0.017) main effect
for EMG MDF was detected by repeated measures ANOVA. No significant three-way
interaction was shown. No significant two-way interaction was observed (Figure 15).

Figure 15. Average vastus lateralis EMG MDF during knee up exercise.
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represents time difference (p<0.05); b represents surface difference within all conditions
(p<0.05); d represents blood flow difference within all conditions (p<0.05). Values
reported as mean ± SE. N=16.
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Figure 16 displays the average EMG MDF values for RF muscle during squat
exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.010), leg (p=0.033) and time (p=0.047) main effect for EMG
MDF was detected by repeated measures ANOVA. One significant three-way interaction
was found between blood flow*leg*time (p=0.019). Three significant two-way
interactions were found between time*gender (p=0.005), surface*blood flow (p=0.080)
and blood flow*leg*time (p=0.019) (Figure 16).

Figure 16. Average rectus femoris EMG MDF during squat exercise.
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represents time difference (p<0.05); b represents surface difference within all conditions
(p<0.05); e represents leg difference within all conditions (p<0.05). Values reported as
mean ± SE. N=16.
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Figure 17 displays the average EMG MDF values for RF muscle during
alternating side lunge exercise for both rounds (sets) per each 5 repetitions across the
dynamic exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for
(A) right leg and (B) left leg. A surface (p<0.01) and leg (p=0.003) main effect for EMG
MDF was detected by repeated measures ANOVA. No significant three-way interaction
was found. Two significant two-way interaction was found between surface*gender
(p=0.034) and blood flow*time (p=0.012) (Figure 17).

Figure 17. Average rectus femoris EMG MDF during alternating side lunge
exercise.
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(p<0.05). Values reported as mean ± SE. N=16.
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Figure 18 displays the average EMG MDF values for RF muscle during super
skater exercise for both rounds (sets) per each 5 repetitions across the dynamic exercise
repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right leg and
(B) left leg. A surface (p=0.001) and leg (p=0.011) main effect for EMG MDF was
detected by repeated measures ANOVA. No significant three-way interaction was found.
Two significant two-way interaction was found between surface*blood flow (p=0.032)
and blood flow*time (p=0.002) (Figure 18).

Figure 18. Average rectus femoris EMG MDF during super skater exercise.
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Figure 19 displays the average normalized EMG MDF values for RF muscle
during knee up exercise for both rounds (sets) per each 5 repetitions across the dynamic
exercise repetitions with all 4 conditions (NBFRS, NBFRU, BFRS, BFRU) for (A) right
leg and (B) left leg. A surface (p=0.001) main effect for EMG MDF was detected by
repeated measures ANOVA. One significant four-way interaction was found between
surface*blood flow*leg*gender (p=0.042). One significant three-way interaction was
found between surface*blood flow*leg (p=0.032). One significant two-way interaction
was found between surface*blood flow (p=0.046) (Figure 19).

Figure 19. Average rectus femoris EMG MDF during knee up exercise.
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DISCUSSION
Cardiovascular Response
The environmental conditions during exercise as well as the type, intensity and
duration of the exercise are responsible for the changes and increases in heart rate during
exercise (Powers & Howley, 2009). The unstable surface resulted in a significantly
higher heart rate compared to the stable surface. This may be caused by the greater effort
made to maintain balance on an unstable surface. It is essential to force the body to adapt
to new stimuli according to the Selye’s adaptation curve (Selye, 1956; Sands, Wurth, &
Hewit, 2012). It can be speculated that the unstable surface had a higher heart rate
compared to the stable surface due to the greater challenge of a new training
environment. An advantage of the unstable training environment would be based on the
importance of neuromuscular adaptations with increases in strength (Behm & Anderson,
2006).
Although the differences were not significant in the present study, the female
subjects had a higher HR compared to the male subjects. A research study has suggested
that HR can be affected by gender (Perini, Milesi, Fisher, Pendergast, & Veicsteinas,
2000). Huikiri et al. (1996) found that baroreflex sensitivity is less in middle aged men
compared to middle aged women. This may result in the increase of parasympathetic
and/or a decrease in sympathetic HR modulation that may occur in female than in males
(Ryan, Goldberger, Pincus, Mietus, & Lipsitz, 1994; Huikiri, et al., 1996). Female
participants generally have a smaller heart compared to male participants causing a
higher heart rate during exercise due to the higher frequency of the heart contractions.
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Ryan et al. (1994) also found a higher heart rate was higher in women compared to men.
The females in the current study resulted in higher HR values compared to the male
subjects.
Significant increases in HR are generally evident during BFR exercise at a
constant workload (Abe et al. 2010; Abe et al. 2005; Ozaki et al. 2011; Takano et al.
2005). Even though the current study found no significant differences between BFR
conditions and NBFR conditions, the non-BFR conditions had a lower heart rate
compared to the BFR conditions. Abe et al. (2005) studied the effects of BFR walking in
young, healthy males. Subject underwent training six days a week, twice a day, for three
weeks. Each testing session consisted of five sets of two minutes walking bouts with a
one minutes rest between bouts at a speed of 50 m/ minutes. Heart rate was found to be
significantly higher in the BFR group than the non-BFR group. Similarly, an 8 week BFR
study, young males performed cycling exercise at 40% VO2max for 15 minutes compared
to the non-BFR group, which exercised at the same intensity for 45minutes (Abe, et al.,
2010). BFR subjects performed 40% of VO2 max for 15 minutes. The cuff pressure was
selected between 160-210 mmHg. BFR cycling exercise resulted in a higher HR response
(Abe, et al., 2010). Ozaki et al. (2011) found BFR exercise to increase HR 23% greater
than non-BFR when performing upright cycling exercise at 20%, 40% and 60% VO2max
in ten young healthy males. Subjects cuff pressures varied between 160-200 mmHg. The
present findings failed to show a significant difference between NBFR and BFR
conditions as the previous BFR studies did. This may be due to the low intensity of the
exercises since participants performed body weight exercises and no weight was added.
Total restrictive pressure used may also be another possible factor of why no significant
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differences were found in the present study. This may be due to the method used to
define TRP in the current study compared to the previous studies. Previous studies
determined TRP using formula that utilizes arm SBP. However, the present study used a
different approach by using the leg circumference to determine the TRP.
Restrictive pressures applied by the BFR cuff may affect other variables such as
the level of arterial blood inflow and venous return resulting in variation in BFR-induced
HR response. Abe et al. (2010) also reported the effects and importance of the unique
combination of arterial blood inflow and venous blood volume pooling during BFR
conditions. The authors speculated that the increased heart rate could be due to the
decrease in stroke volume in order to maintain cardiac output. Stroke volume is also
affected due to the decrement in venous return in the blood flow restricted limbs
(Karabulut, Mccarron, Abe, Sato, & Bemben, 2011; Iida et al., 2007; Yasuda et al.,
2010). Although there was not a significant difference in the blood flow and non-blood
flow conditions, the results of the present study found higher values in HR during BFR
conditions. Heart rate responses are generally shown to increase during blood flow
restricted conditions compared to the non-blood flow restricted conditions.
Blood Pressure
Blood pressure can be increased by increasing blood volume, heart rate, blood
viscosity, stroke volume and/or an increase in peripheral resistance (Powers & Howley,
2009). Although differences in blood pressure (BP) responses between conditions did not
reach significance level in the present study, SBP values observed were higher in the
BFR conditions compared to the NBFR conditions. Sakamaki et al. (2008) states that
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moderate to high-intensity resistance training exercise increases both systolic blood
pressure (SBP) and diastolic blood pressure (DBP) as well as mean arterial pressure
(MAP). However the BFR exercise induced increase in BP may also involve an increase
in cardiac output and elevated total peripheral resistance (Sakamaki, Fujita, Sato,
Bemben, & Abe, 2008). An increase in cardiac output means there is an increase in HR
and/or stroke volume, both of which can cause an increase in blood pressure values.
It has been well documented that moderate to high-intensity resistance exercise
markedly increases SBP, as well as MAP. MacDougall et al. (1985), reported extreme
pressure increases (SBP, 250-320 mmHg) in young bodybuilders when these individuals
were exposed to 95% of 1 RM double-leg seated leg press exercises to failure. Similarly,
Fleck et al. (1987), found increases in SBP (190-195 mmHg) and DBP (140-155 mmHg)
during one leg knee extension with intensity between 70 and 90% of 1RM in young
males. Generally, an increase is found in blood pressure during exercise and an even
higher response is observed when intensity increases (Fleck et al. 1987; MacDougall et
al.. 1985). Takano et al. (2005) performed a study with 11 untrained men, who performed
KAATSU training at 20% of 1-RM. Subjects performed 30 repetitions and rested for 20
seconds which then they performed 3 more sets until exhaustion. Takano et al. (2005)
found that the maximal HR and blood pressure was higher in KAATSU conditions
compared to the non-KAATSU condition. Overall, the current study failed to parallel
with previous BFR studies. No significant difference was found, however a higher blood
pressure was observed in the BFR conditions compared to the NBFR conditions. This
may be primarily due to the low intensity of the exercises performed in the current study.
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Subjects performed exercises with no additional weight therefore they performed low
intensity exercises.
Leg Difference
Most of the subjects were reported to be right leg dominant (N=13, 81%) and a
few were left leg dominant (N=3, 19%). When comparing legs, it is important to consider
the roles played by each leg during different tasks such as mobility and stability. One leg,
usually the dominant leg, plays the role during the mobility tasks such as kicking a soccer
ball or football whereas the other leg, usually the non-dominant leg, plays the equally
important role of stability and postural control (Velotta, Weyer, Ramirez, Winstead, &
Bahamonde, 2011).This present study reported leg differences between the left and right
leg. The VL and the RF EMG RMS measures on the right leg were higher compared to
the left leg. The VL and the RF EMG MDF measures on the left leg were higher
compared to the right leg. For RF muscle, both EMG measures, RMS and MDF, were
generally significant when comparing leg differences. It may be speculated that since
majority of the subjects are right-leg dominant, they may have a higher dependence on
their left leg in order to maintain balance. Additional information about RMS and MDF
response will be discussed in greater detail during the muscle function section.
Subjects in the study by Kibele et al. (2009) performed a single legged hop test to
provide any indication of right and left power as well as any power imbalances. Subjects
were separated into unstable and stable resistance training programs that both performed
single-leg hops with each leg for a distance of 20 m. No significant differences were
recorded in the study however the unstable training group resulted in superior values for
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right leg hop test. This may be a result due to the greater equilibrium stress placed on the
right leg which may also display a greater training adaptation for balance with the
unstable resistance training group (Kibele & Behm, 2009). The dominant right leg is used
to kick, punt or perform the activity while the non-dominant leg, in this case the left leg,
must maintain balance. Similarly, Velotta et al. (2011) found that the leg dominance
seems to change depending on the exercise or task the subject is required to perform. In
this study, 22 subjects (9 males and 13 females) were asked to perform four commonly
used manipulative tests in order to determine the leg dominance. Subjects were also
asked to perform two balance tests and were given the option to select the leg they
preferred to perform the exercise with. The left leg was preferred for the balance testing
in over 50% of the subjects although for mobility testing most of the subjects preferred
their dominant right leg. This may be why the left leg may not have experienced as great
a balanced training adaptation as the right leg due to that it is given the greater
responsibility for balance when performing unilateral leg actions (Kibele & Behm, 2009).
Ratings of Perceived Exertion
Loenneke et al. (2012) described the rating of perceived exertion (RPE) to be
based off of the subjects strain and fatigue in the muscles. The present study detected
significant main effects for BFR and time highlighting the importance of blood flow or
venous return of the working muscle and the time for how the participants feel about
exertion. The non-BFR exercises were less tiring compared to the BFR measure. The
findings from the present study parallels with the results from Ozaki et al. (2011) where
subjects were split into two different groups either the BFR walk training group or a walk
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training group without BFR. During all training sessions, RPE measures were recorded
every 5 minutes. They found that their BFR condition also resulted in significantly higher
RPE values for the BFR walk group compared to the control group. In a study conducted
by Sakamaki, et al. (2008), seven active subjects (64-78years) performed walking test
without (control group) and with BFR (BFR group). No significant differences in RPE
were found between conditions however; this study also found that the rating of
perceived exertion increases during BFR. The findings from Sakamaki et al. (2008) also
coincides with the study performed by Loenneke et al. (2012) that reported no significant
differences between control and BFR conditions however; the conditions receiving BFR
reported higher RPE values. Subjects in the study were randomized into two different
experiment groups, A and B. In experiment A, subjects performed unilateral knee
extensions at 30% of their one repetition maximum (1RM) with moderate BFR to one leg
and exercised the other leg without restriction. In experiment B, participants rested for 4
minutes with BFR applied to one leg and rested for 4 minutes without any treatment on
the other leg. RPE was measured before and after each set and resulted in a consistently
higher score for the exercise with BFR condition (Loenneke, Thiebaud, Fahs, Rossow,
Abe, & Bemben, 2012). No studies observed gender differences for RPE therefore no
findings are available to compare and discuss the gender differences found in the current
study. However the results of the current study were not significant, female subjects
recorded a lower RPE average compared to males. Surface differences in the current
study were also not significant however they showed that the stable surface recorded a
lower RPE measure compared to the unstable surface. Unstable surfaces affect RPE
measures due to the higher demand the unstable surfaces requires. Since muscles perform
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greater balancing function on unstable surfaces, the muscle activation is high (Anderson
& Behm, 2005). This maybe the reason for the higher RPE value found on an unstable
surface for the current study.
Muscle Function
The results of the current study indicate that neuromuscular activity of the VL and
RF was generally not significantly influenced by BFR. The present study indicates the
RF and VL RMS signals were generally higher in the unstable surface compared to the
stable surface sessions. It may be speculated that the unstable surface placed more stress
on the muscles to adapt to the environment (Behm & Anderson, 2006) causing a greater
neuromuscular activation. Although no significant difference was recorded, a higher
RMS value in the non-BFR (NBFR) condition was recorded compared to the BFR
condition (BFR) for RF and VL. This may be due to the higher number of muscle fibers
recruited from both type I and type II muscle fibers. As mentioned in James et al. (2013),
the level of activation and adaptation can be altered due to several factors such as the
amount of blood flow to active muscles and the number of motor units activated (James
& Karabulut, 2013). Changes in the blood flow to the skeletal muscle alter the level of
supply of substrates and the removal of metabolites; therefore it will also affect the level
of activation and recruitment of muscle fibers needed to perform exercises (James &
Karabulut, 2013). Generally the type I muscle fibers are used when performing a low
intensity exercise and are also used with type II fibers when performing high intensity
exercises. However, by restricting the blood flow to the active muscles, the pattern and
number of skeletal muscle fiber recruitment during exercise may be affected as well as
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the amount of neuromuscular activation and adaptation (James & Karabulut, 2013). BFR
has shown to stimulate changes in neuromuscular activity and this may be a result of
oxygen deficiency causing a shift from slow oxidative fibers to fast oxidative glycolytic
fibers (James & Karabulut, 2013). Generally, NBFR conditions reported a higher RMS
value due to the higher number of muscle fibers used compared to the lesser number used
in BFR conditions. The leg difference for RMS was reported as generally significantly
higher muscle fiber recruitment in the right leg compared to the left leg for RF and VL.
Based on the results, it may be speculated that for the current study, the non-dominant
leg, left leg, is used more for balancing than the dominant leg, right leg (Kibele et al.
2009; Velotta et al. 2011). The connection between the right leg, which is used more for
gross movement, muscle fibers and the nervous system may not be as developed as it is
for to the left leg (Velotta, Weyer, Ramirez, Winstead, & Bahamonde, 2011). For
stabilizing movements, the right leg may not be accustomed to the balance stressor
therefore the right leg is shown in the study to recruit and use more muscle fibers
compared to the left leg causing higher RMS values.
The present study indicates the RF and VL MDF (MDF) signals were generally
significantly higher in the unstable surface compared to the stable surface sessions. The
results are similar to the results found by Anderson et al. (2005), which found the trunk
muscles to be more active during the unstable surface. It can be speculated that the
unstable surface constantly forces more muscles to be used to adapt causing the increase
in firing frequency. Although no significant difference was recorded, a higher MDF value
in the BFR condition was recorded compared to the non-BFR condition (NBFR) for RF
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and VL. Katayama et al. (2010) conducted a study supporting that higher neuromuscular
activation was induced by hypoxia. The changes in muscle fiber activation from type I to
type II fibers and increased motor unit recruitment occurred due to the hypoxic
conditions. It can be speculated that due to the high dependence of oxidative
phosphorylation, slow-twitch muscle fibers may not contribute to the force production
during the restricted blood flow exercises (Karabulut & Perez, 2013; Katayama,
Yoshitake, Watanabe, Akima, & Ishida, 2010). This is why it can be contemplated that a
higher muscle firing frequency was found in the blood flow restricted condition due to
the fewer number of muscle fibers recruited. These fibers needed to be stimulated more
often to meet demands of the exercise.
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CHAPTER V
CONCLUSION
The purpose of this study was to test several measures (heart rate, blood pressure,
muscle unit activation and rate of perceived exertion) when performing various lower
body hemodynamic circuit training exercises on stable and unstable surface with and
without vascular restriction. The following research questions were addressed and
conclusions were drawn based on the findings of the current study: 1) Which measure,
without BFR or with BFR on stable or unstable surface, will cause a significant
difference in heart rate, blood pressure, and rate of perceived exertion? 2) Will the
unstable surface have significant differences on changes in motor unit activation and
motor unit action potential firing frequency in response to exercises performed on stable
and unstable surface with and without BFR? 3) Will the male participants results be
significantly different compared to the female participants?

Research hypothesis 1. BFR training on unstable surface will cause significantly
higher heart rate and blood pressure as well as a greater rate of perceived exertion
compared to other conditions.
No, the present study does not support this hypothesis. Although no significant
differences were observed, a higher heart rate, blood pressure and rate of perceived
exertion was recorded for the (BFRU) condition.

Research hypothesis 2. With an increase in instability, muscle activation will
increase. Instability with BFR on an unstable surface condition will have a greater
muscle activation increase compared to the other conditions.
No, the present study does not support this hypothesis. Muscle activation did
increase with an increase in instability; however, instability with BFR did not cause the
greatest muscle activation.

Research hypothesis 3. Male participants will be significantly different compared to
female participants.
No, the present study does not support this hypothesis. No significant differences
were found when comparing the female participants to the male participants.
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Implications of the Study
Even though no significant changes in several physiological responses was
observed in the present study, necessary adjustments in the exercise protocol such as
changing the number of exercises and/or repetitions and/or circuits may result in changes
in the level of responses in the physiological parameters tested. Therefore, circuit and
BFR training may provide benefits for cardiorespiratory system, skeletal muscle strength
and muscle size. Instability training adds a greater emphasis on trunk muscle activation.
This form of training may also provide a new alternative way of resistance training with a
greater emphasis on trunk activation and balance with instability training. Generally a
high volume approach may be necessary to cause fatigue in the preferentially recruited
type I fibers and thus enable the recruitment of higher threshold type II fibers. However,
with BFR, a high volume may not be necessary to stimulate the type II fibers.
Suggestions for Future Research
Further research is still necessary using BFR with instability training on: 1)
fatigue effect pre and post exercise 2) muscle hypertrophy and strength gain from
anaerobic physical activity 3) possible effects from chronic use 4) muscle and caloric
expenditure 5) lower body static exercises 6) higher cuff pressures.
The findings of the present study failed to show significant differences for BFR
affecting heart rate, blood pressure, rate of perceived exertion and EMG activity (muscle
fiber recruitment and firing frequency). Future research may use static exercises or a
higher cuff pressure to show a possible increase in these measures while performing
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exercises on an unstable surface. The benefits for possible specific sports performance
could be another area to be explored.

60

REFERENCES

Abe, T., Fujita, S., Nakajima, T., Sakamaki, M., Ozaki, H., Ogasawara, R., et al. (2010).
Effects of low-intensity cycle training with restricted leg blood flow on thigh muscle
volume and VO2 max in young men. Journal of Sports Science and Medicine , 452-458.
Abe, T., Kearns, C., & Sato, Y. (2005). Muscle size and strength are increased following
walk training with restricted venous blood flow from the leg muscle, Kaatsu-walk
training. J Appl Physiol , 1460-1466.
Abe, T., Mikako, S., Satoshi, F., Hayao, O., Masato, S., Yoshiaki, S., et al. (2010).
Effects of low-intensity walk training with restricted leg blood flow on muscle strength
and aerobic capacity in older adults. Journal of Geriatric Physical Therapy , 34-40.
Anderson, K., & Behm, D. (2005). Trunk muscle activity increases with unstable squat
movements. Can. J. Appl. Physiol , 33-45.
Baechle, T., & Earle, R. (2000). Essentials of strength training and conditioning. Human
Kinetics , 412-415.
Behm, D., & Anderson, K. (2006). The role of instability with resistance training.
Journal of Strength and Conditioning Research , 716-722.
Bogaard, H., Woltjer, H., Dekker, B., Van Keimpema, A., Postmus, P., & De Vries, P.
(1997). Haemodynamic response to exercise in healthy young and elderly subjects. Eur J
Appl Physiol , 435-442.
De Luca, C. (2008 йил 10-05). Retrieved 2013 йил 01-09 from Delsys:
http://www.delsys.com/Attachments_pdf/Practicum%20on%20sEMG%20v1.5.pdf
Fleck, S., & Dean, L. (1987). Resistance-training experience and the pressor response
during resistance exercise. J Appl Physiol , 116-120.
Gettman, L., Ayres, J., Pollock, M., & Jackson, A. (1978). The effect of circuit weight
training on strength, cardiorespiratory function and body composition of adult men. Med
Sci Sports , 171-176.
Gettman, L., Ward, P., & Hagan, R. (1982). A comparison of combined running and
weight training with circuit weight training. Med Sci Sports , 229-234.
Heikamp, H., Horstmann, T., Mayer, F., Weller, J., & Dickhuth, H. (2001). Gain in
strength and muscular balance after balance training. IntJ Sports Med , 285-290.
61

Iida, H., Kurano, M., Takano, H., Kubota, N., Morita, T., Meguro, K., et al. (2007).
Hemodynamic and neurohumoral responses to the restriction of femoral blood flow by
KAATSU in healthy subjects. Eur J Appl Physiol , 275-285.
Ishii, N., Madarame, H., Odagiri, K., Naganuma, M., & Shinoda, K. (2005). Circuit
training without external load induces hypertrophy in lower-limb muscles when
combined with moderate venous occlusion. Int. J. Kaatsu Training Res , 24-28.
James, E., & Karabulut, M. (2013). Vascular restriction decreases EMG regularity during
walking. Human Movement Science , 389-399.
Karabulut, M., & Perez, G. (2013). Neuromuscular repsonse to varying pressures created
by tightness of restriction cuff. Journal of Electromyography and Kinesiology , 1-5.
Karabulut, M., Abe, T., Sato, Y., & Bemben, M. (2007). Overview of neuromuscular
adaptations of skeletal muscle to KAATSU Training. Int. J. KAATSU Training Res , 1-9.
Karabulut, M., Abe, T., Sato, Y., & Bemben, M. (2010). The effects of low intensity
resistance training with vascular restriction on leg muscle strength in older men. Eur J
Appl Physiol , 147-155.
Karabulut, M., Cramer, J., Ryan, E., Anderson, R., Hull, H., Sato, Y., et al. (2006).
Effects of KAATSU on muscular function during isometric exercise. Int. J. KAATSU
Training Res , 19-28.
Karabulut, M., Mccarron, J., Abe, T., Sato, Y., & Bemben, M. (2011). The effects of
different initial restrictive pressures used to reduce blood flow and thigh composition on
tissue oxygenation of the quadriceps. Journal of Sports Sciences , 951-958.
Katayama, K., Yoshitake, Y., Watanabe, K., Akima, H., & Ishida, K. (2010). Muscle
deoxygenation during sustained and intermittent isometric exercise in hypoxia. Med Sci
Sports Exerc , 1269-1278.
Kay, D., St Clair Gibson, A., Mitchell, M., Lambert, M., & Noakes, T. (2000).
Kay_Different neuromuscular recruitment patterns during eccentric, concentric and
isometric contractions. Journal of Electromyography and Kinesiology , 425-431.
Kibele, A., & Behm, D. (2009). Seven weeks of instability and traditional resistance
training effects on strength balance and functional performance. Journal of Strength and
Conditioning Research , 2443-2450.
Loenneke, J., Thiebaud, R., Fahs, C., Rossow, L., Abe, T., & Bemben, M. (2012). Blood
flow restriction does not result in prolonged decrements. Eur J Appl Physiol .
62

MacDougall, J., Tuxen, D., Sale, D., Moroz, J., & Sutton, J. (1985). Arterial blood
pressure response to heavy resistance exercise. J Appl Physiol , 785-790.
Ozaki, H., Sakamaki, M., Yasuda, T., Fujita, S., Ogasawara, R., Sugaya, M., et al. (2011).
Increases in thigh muscle volume and strength by walk training with leg blood flow
reduction in older participants. J Gerontol A Biol Sci Med Sci , 257-263.
Powers, S., & Howley, E. (2009). Exercise physiology: theory and application to fitness
and performance (7th ed.). New York: McGraw-Hill.
Romero-Arenas, S., Martinez-Pascual, M., & Alcaraz, P. (2013). Impact of resistance
circuit training on neuromuscular, cardiorespiratory and body composition adaptations in
the elderly. Agining and Disease , 256-263.
Ruiz, R., & Richardson, M. (2005 йил February). Functional balance training using a
domed device. National Strength and Conditioning Association , pp. 50-55.
Ryan, S., Goldberger, A., Pincus, S., Mietus, J., & Lipsitz, L. (1994). Gender-and agerelated differences in heart rate dynamics: Are women more complex than men? Journal
of the American College of Cardiology , 1700-1707.
Sakamaki, M., Fujita, S., Sato, Y., Bemben, G., & Abe, T. (2008). Blood pressure
response to slow walking combined with KAATSU in the elderly. Int. J. KAATSU
Training Res , 17-20.
Sands, W., Wurth, J., & Hewit, J. (2012). The National Strength and Conditioning
Association's (NSCA) BASICS OF STRENGTH AND CONDITIONING MANUAL.
Sato, Y. (2005). The history and future of KAATSU Training. Int. J. Kaatsu Training Res
, 1-5.
Selye, H. (1956). The Stress of Life. New York: McGraw Hill Publ.
Takano, H., Morita, H., Iida, H., Kato, M., Uno, K., Hirose, K., et al. (2005). Effects of
low-intensity “KAATSU” resistance exercise on hemodynamic and growth hormone
responses. Int. J. Kaatsu Training Res , 13-18.
Takano, H., Morita, T., Iida, H., Asada, K.-i., Kato, M., Uno, K., et al. (2005).
Hemodynamic and hormonal responses to a short-term low-intensity resistance exercise
with the reduction of muscle blood flow. Eur J Appl Physiol , 65-73.
Takarada, Y., & Ishii, N. (2002). Effects of low intensity resistance exercise with short
interset rest period on muscular function in middle-aged women. Clinical Medicine , 123128.
63

Takarada, Y., Takazawa, H., Sato, Y., Takebayashi, S., Yasuhiro, T., & Ishii, N. (2000).
Effects of resistance exercise combined with moderate vascular occlusion on muscular
function in humans. J Appl Physiol , 2097-2106.
Teramoto, M., & Golding, L. (2006). Low-intensity exercise, vascular occlusion and
muscular adaptations. Research in Sports Medicine , 259-271.
Velotta, J., Weyer, J., Ramirez, A., Winstead, J., & Bahamonde, R. (2011). Relationship
between leg dominance tests and type of task. Portuguese Journal of Sport Sciences ,
1035-1038.
Verhagen, E., Tulder, M., Beek, A., Bouter, L., & Mechelen, W. (2005). An economic
evaluation of a proprioceptive balance board training programme for the prevention of
ankle sprains in volleyball. Br J Sports Med , 111-115.
Wilmore, J., Parr, R., Girandola, R., Ward, P., Vodak, P., Barstow, T., et al. (1978).
Physiological alterations consequent to circuit weight training. Med Sci Sports , 79-84.
Yasuda, T., Abe, T., Brechue, W., Iida, H., Takano, H., Meguro, K., et al. (2010). Venous
blood gas and metabolite response to low-intensity muscle contractions with external
limb compression. Metabolism Clinical and Experimental , 1510-1519.

64

APPENDICES
Appendix A. Recruitment Flyer
Appendix B. IRB Approval Letter
Appendix C. Informed Consent
Appendix D. PAR-Q
Appendix E. Health Status Questionnaire
Appendix F. Data Collection Sheets

Appendix A.
Recruitment Flyer

66

Appendix B.
IRB Approval Letter

67

Appendix C.
IRB Approval Letter
Subject Form

68

69

70

71

Physician/Doctor Form

72

73

74

Appendix D.
PAR-Q

75

Appendix E.
Health Status Questionnaire

76

77

78

Appendix F.

Data Collection Sheet
Familiarization Day
HEMODYNAMIC AND NEUROMUSCULAR RESPONSES TO EXERCISES
PERFORMED ON STABLE AND UNSTABLE SURFACE WITH AND
WITHOUT BLOOD FLOW RESTRICTION
Descriptive Data Collection Sheet - Familiarization

Name:_____________________________________ Gender: M / F

Date: ___/___/___

Resting BP:____ / _____

Age (yrs):_________

Height (cm):_________

Resting HR:________

Weight (kg):_________

BMI(kg/m2):_________

CONTACT INFORMATION
Primary Phone #:
Alternate Phone #:
E-mail address:
(Left) EMG Electrode Placement (Right)
Femur Length (cm):

__________ Femur Length (cm):

Thigh Circumference & KAATSU Measurements

Right Leg (cm):

__________

__________

TRP (mmHg): _____________

VL Placement at (cm): __________ VL Placement at (cm): __________

(<45–50 cm = 120 mmHg; 51–55 cm = 150 mmHg; 56–59
RF Placement at (cm): __________ RF Placement at (cm): __________
cm = 180 mmHg; and ≥60 cm = 210 mmHg)

Biodex Measurements
Back Seat Support: _____________

Seat Placement (bottom): ______________

Seat Angle: 85 degrees

Ankle Placement (ROM): _____________

Connector Placement (T):

Alternating Side Lunge

4)
5) Knee Up (L)
6) Knee Up ( R )

2
2

10
10

2
2
2

20
10
10

79

No blood flow
restriction

2) Super Skater (L)
3) Super Skater ( R )

Blood flow
restriction

Exercises Performed
1) Body Squat

Familiarization with Exercise
Condition
Sets Reps
2
20

15.5

1 - No BFR on
Stable
2 - No BFR on
Unstable

3 - BFR on Stable
4- BFR on
Unstable

Surface

Unstable

_______________

Stable

Seat Height (back):

Age (yrs):______

80
Exercises BP
Exercises BP
Exercises BP
Exercises BP
Exercises BP

Set
1

Exer.

RPE

HR

Reps
20
10
10

(immediately after) :____ / _____
(3 min after):____ / _____
(4 min after):____ / _____
(6 min after):____ / _____
(8 min after):____ / _____

Y/N

Sets
2
2
2

Comments

4- BFR on Unstable

Gender: M / F

Exercises BP
Exercises BP
Exercises BP
Exercises BP

Set 2

Y/N

RPE

Sets
2
2
2

HR

Reps
20
10
10

(immediately after biodex) :____ / _____
(1 min after biodex):____ / _____
(3 min after biodex):____ / _____
(5 min after biodex):____ / _____

Exer.

Exercises Performed
Alternating Side Lunge (A)
4)
5)
Knee Up Left (KL)
6)
Knee Up Right (KR )

__________

Biodex Data

EMG Electrode Placement
Femur Length (cm):
__________
VL Placement at (cm): _____________
RF Placement at (cm): _____________

Comments

TRP

Height (cm):__________ Resting HR:________
Resting BP:____ / _____

Exercise Order: ___/___/___/___/ ___/ ___

Post-Test:

2 - No BFR on Unstable
__________
3 - BFR on Stable
__________

1 - No BFR on Stable

___/___/___/___
Weight (kg):_________

Biodex Data
__________
__________
__________ *not required

Exercises Performed
1) Body Squat (S)
2) Super Skater Left (SL)
3) Super Skater Right (SR )

Pre-Test 1:
Pre-Test 2:
Pre-Test 3:

Right Leg Pre-Test (cm):
Right Leg Post-Test (cm):

Thigh Circumference

Date: ___/___/___

Name: _______________________________ Condition Order:

Testing Day

